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学 位 論 文 の 内 容 の 要 旨 
 
 
The Loess Plateau of northwestern China is characterized by a semiarid climate where dry land 
farming has been practiced for four thousand years. The main crop in this region is wheat 
(Triticum aestivum L.); winter wheat is mainly cultivated in irrigated areas where water is 
relatively available, and spring wheat is mainly cultivated under rain-fed conditions. However, 
spring wheat production in the rain-fed agricultural areas is seriously limited by water shortage 
and soil nutrient deficiency due to severe water loss and soil erosion. To improve spring wheat 
productivity in this region, eco-physiological traits of drought resistance and effective cultivation 
techniques were investigated. The main research and results are as follows 
 
1. The effect of water stress simulated by polyethylene glycol on seedling establishment of two 
spring wheat cultivars, Hongmang and Mianyang 11, was tested. The growth of Mianyang 11 
under water stress decreased more than that of Hongmang at all the stages of seedling 
establishment. This suggested that Hongmang was more drought tolerant than Mianyang 11. The 
critical water potential of the surrounding medium in which seedlings of the two cultivars could 
survive during seedling establishment was –1.05 MPa at plumule elongation stage. Therefore, 
plumule elongation was the most sensitive stage to water stress. At the beginning of germination 
under water stress, ATP concentrations in radicle of Hongmang increased more than that of 
Mianyang 11. This showed that that ATP concentration associated with anabolism may be related 
to drought tolerance 
 
2. The effects of two water regimes on net photosynthetic rate (Pn), stomatal conductance (gs), and 
 intercellular CO2 concentration (Ci) were investigated at the jointing, booting, anthesis, and grain 
filling stages of spring wheat cv. Dingxi 81-392. This is the most popular cultivar in the Loess 
Plateau. In comparison with control, low soil moisture invariably reduced Pn during the diurnal 
variations at all growth stages. Pn and gs of plants in both soil moisture regimes was maximally 
reduced at midday. Atmospheric drought at midday decreased gs, while Ci increased. 
This may suggest that the decrease in Pn at midday was not only related to stomatal closure but 
also related to a reduction in photosynthetic activity of mesophyll. 
 
3. To assess the effects of fertilization and planting density on the grain yield and water use 
efficiency (WUE) of spring wheat cv. Hongmang, field experiments were conducted for two years 
in the semiarid condition. The amount of fertilizer was highly and positively correlated with the 
grain yield and WUE, while planting density showed no correlation with these parameters. 
Application of fertilizer improved development of root system in the top 0-20cm soil layer, which 
may lead increases in WUE and grain yield. The results also indicated that application of P and N 
increased biomass and grain yield, but the application of K had no effect on these parameters. 
 
4. The effects of fertilization and supplemental irrigation at the jointing, heading and grain filling 
stages on plant growth, yield and WUE of spring wheat were investigated. The result showed that 
leaf area, root dry mass and grain yield increased as the amount of fertilizer increased. Under the 
fertilized soil condition, supplemental irrigation at the jointing stage considerably increased 
kernel number per ear, kernel mass and grain yield. The optimal irrigated WUE was induced by 
supplemental irrigation at the rate of 60 mm. Supplemental irrigation at jointing stage ensured 
the most efficient use of soil water. 
 
From this study on common spring wheat cultivars, it was observed that there were cultivar 
differences in drought tolerance during seedling establishment and midday depression of 
photosynthesis that may reduce grain yield under water stress conditions. It might be 
possible to take advantage of such knowledge for improving seedling establishment and yield 
under drought. The results from the different water and nutrient managements showed that 
application of N and P enhanced root growth and grain yield, and that supplemental 
irrigation at the rate of 60 mm during the jointing stage results in optimum WUE and 
increased grain yield. Therefore,  effective fertilization and supplemental irrigation could 






























出した。ha 当り窒素 190 kg・リン酸約 135 kg のレベルまでは、施肥量の増加が子実収量と子実生産









期とを組み合わせた圃場実験を行い、子実収量が最大（ha 当り約 5.3 t）となるのは、節間伸長期か
ら登熟期にかけて 180 mm 灌漑した場合であることを明らかにした。また、子実収量への水利用効率が
最大となるのは、節間伸長期から出穂期の間に 90 mm 前後の灌漑を行った場合であり、この時の子実
収量が ha 当り約 4.3 t であることを認めた。加えて、灌漑水量に対する子実生産への水利用効率が最
大となるのは、節間伸長期に 60 mm 灌漑した場合であり、この時の子実収量が ha 当り約 3.9 t となる
ことを示した。 
以上、本論文は、中国黄土高原における春コムギ収量の増大には、品種改良の面においては、苗立
ち過程の幼芽伸長期、および気孔コンダクタンと葉緑体の光合成活性に着目した、水ストレス耐性の
向上が重要であること、また養水分管理の面においては、特にリンと窒素の施用、および節間伸長期
の補助灌漑が重要であることを提言したものであり、博士（農学）の学位論文として十分な価値を有
するものと判定される。 
